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CLAIMS 



1 A sensing circuit, comprising: 

an integrator circuit having a first integrator input electrically coupled to a 
reference level, a second interior input to which an input is applied, and firs, and second 
integrator outputs a. which first and second output signal, are provided, respectively, the 
integrator circuit further having an amplifier circuit having pairs of differentia, input and output 
nodes, the integrator circuit periodically switching the CeCrical coupling of each of the 
differentia, input nodes to a respective integrator input and toe electrical couphng of each of the 
differentia, output nodes to a respective integrator output; 

a comparator having first and second input nodes electrically coupled to a 
respective integrator outpu. and firrther having an output node, the clocked comparator 
periodicaHy comparing voltage levels of me first and second input nodes and generaung an 
output signal having a logic state based therefrom; and 

a current source having first and second current outpu. nodes coupled to a 
respective integrator output, the current source switching the couphng of each current output 
node to a integrator output based on the logic state of the output signal of the comparator. 

2 The sensing circuit of claim 1 wherein the period at which the integrator 
circuit switches the coupling of the differential input and output nodes is greater man the period 
a, which the comparator compares the voltage levels of the first and second input nodes. 

3. The sensing circuit of claim 1 wherein the comparator comprises: 
a clocked latch having a pair of complementary data nodes, firs, and second input 
terminals coupled to a respective in.effa.or output, the Cocked .atch latching data states appfied 

to the first and second input terminals; and , 

a flip-flop electrically coupled to the complementary data nodes for providing an 

output signal indicative of the latched data states. 
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4 The sensing cireuit of claim 3 wherein the eloeked latch latehes the da.a 
s,a,es a. its firs, and seeond inpn, terminals for a firs, half of , he period a, which the comparator 

of the period. 

5 The sensing circnit of claim 1 wherein the integrator circuit comprises-. 

a firs, switching eircni, having a firs, pair of switches for eleetrically conpling me 
firs, in.egra.or input .o me fir,, diffe.en.ia. inpu. and me second in.egra.or inpu. .o me second 

t0 te second differentia, inpn. and me second in.egra.or inpu. » me firs, differenha. mput; and 

a second switching circuit having a firs, pair of switches for eleotncally couphng 
me firs, differentia, output to me firs, integrator outpu. and me second 
second in.egra.or ou,pu, and a second pan of swi«ches for e.ecfiicaHv couphng the ,« 
oifierential ou<pu< ,o me second integrator ou«pu, and me second different outpu. .o me firs, 
integrator output. 

6 Tbe sensing circuit of claim 5 wherein the first pairs of switches of the 
first and second switching circuits are activated for the first half of the period at which the 

switching circuits are activated for the second half of the penod. 

7 Tbe sensing circuit of claim 1, further comprising a feedback stage 

electrically coupled to the first and second integrator outputs and the amplifier circuit the 
• rr.nt of the amplifier circuit based on the relative voltage 

feedback stage adjusting output current of the ampiiner cir 

levels of the first and second integrator outputs. 
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8 A sensing circuit having a sensing node electrically coupled to a memory 
cell and reference node electrically coupled to a reference .eve., the sensing circuit comprising: 

a differential amplifier having first and second differential input and output nodes; 

a switching circuit having first and second switching input and output termmate, 
and a Cook node a, which a firs, Coca signa. is applied, me swUching circuit elecfii cafiy coupled 
t „ the differential input and output nodes and, in accordance with the firs, Cook signal, swuchmg 
.he coupling of the firs, and second switching input nodes to a respective differentia, input node 
and switching the coupling of .he firs, and second switching ou.pu« nodes .0 a respecUve 

differential output node; 

firs, and second capacitors dectrically coupled ,0 a respective swrtchmg output 

a clocked comparator having an output node, a clock node at which a second 
clock signal is applied, and first and second mpu, nodes electrical* coupled to a respecUve 
capacitor, in reaponsc ,0 the second Cock signal, the Cocked comparator generating an output 
fcrt having a logic state based on the relative voltage levels of me firs, and second capactors; 



SI 

and 



a current source having first and second current output nodes electrically coupled 
,„ a respective capacitor, tire current source switching the coup.ing of each current output node .0 
a respective capaci.or based on the logic state of the output signa, of the clocked comparator. 

9 The sensing circuit of claim 8, further comprising a feedback stage 
e,ectrica„y coup.ed ,0 the first and second capacitors and the differentia, amplifier, «he feedback 
stage adjusting output current of the differentia, amplifier based on the relative voltage levels of 
the first and second capacitors. 
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,0 The sensing circuit of claim 8 wherein d. clocked comparator comprises: 
a docked latch having a pair of complementary data nodes, firs, and second mpn. 

ontpot signal indicative of the data sto.esofu,e complementary dam node, 

„. The sensing circnit of claim 8 wherein the firs, clock signal has a 
frequency greater than the second clock signal. 

12 The sensing circuit of claim 8, flute comprising an integrator circuit 

JLi interposed hetween the firs, and second capacitors and the Cocked -j-*- 
integrator input node of me pair electrically coupled to a respective capaettor and each tntegrator 

1 3 A sensing circuit, comprising: 

a firs, imegramr circui. having a firs, in.egra.or inpn, eleeuieaUy coupled ,o a 
reference level, a seeond hrtogrator input to which an input is applied, and firs, and second 

£Z ~ - -* « - — ° U,PUt ** " ^ ^ m , 

nod" me integrator circui, periodica^ switching me e.ectrica, couphng of 
differentia! inpn, nodes ,o a respective integrator input and the elechica, conphng of each of 
differential output nodes to a respective integrator output; 

a second integrator circuit having firs, and seeond integrator mputo coupled 
Ies pective integrator output of me firs, intogrator circui, and firs, and second imegrator output; 

! comparator having firs, and second input nodea e.ectricaUy coupled to a 
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„ . „f the first and second input nodes and 

elocked comparator periodically companng voltage levels of the ttrs 

g enera.ingano U tpn.signa.havinga.ogics.a.ebasedu,ereftom ; and 

a current source having a first pair of current output nodes coupled to a respecfive 
hr.egra.or outpu, of me firs, integrator circui, and fi.rfi.cr having a second pair of current output 

aching he couplng of each current outpu, node of fire first pah to a respecfiv tn.e«P*o 
Z* of <he firs, imegrator circui,, and each current output node of the -J- 

signal of the comparator. 

14 The sensing circui, of claim 13 wherein the period a, which the firs, 
hnegrator circuit switches the coupling of the differentia, inpu, and output nodes is greater man 
Tperiod a, which me comparator compares me voltage ,eve,s of the fust and second tnpul 

nodes. 

15 The sensing circuit of claim 13 wherein me comparator comprises: 

a docked latch having a pair of complementary data nodes, first and second rnpu, 

finals coupled ,o a respective integrator output of the second integrator, the Cocked ,a,ch 

.atching da,a sta.es applied to the firs, and second inpu, tenuinals; and 

a flip-flop CeCricafiy coupled ,o me comp.ememary dam nodes for provrdmg an 

output signal indicalive of the latched dam states. 

,« The sensing circuit of claim .3 wherein the Cocked latch .atones the data 
sta .es a, firs, and second inpu, tenninCs for a firs, ha.f of me period a, which me comparer 

of the period. 
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17 . The sensing cireni. of eUm 13 wherein the first integrator eirenit 

C<>mPnSeS: a firs, switching eirenit having a firs, pair of switehes for electrically coupling Ore 
fir, in.egra.or inpn. ,o fire firs, differentia, inpn. and the seeond in.egra.or inpo, .o fine second 
differentia, inpn, and a seeond pair of switehes for CectricaHy oonphng fire firs, in.egra.or mpu. 
,„ the seeond differential inpn, and fire second in»egra.or inpn, to fine firs, differential tnput; and 

a seeond switching eirenit having a firs, pair of switches for electrically coupkng 
.ke fir, differentia, ou.pu. to fine firs, integrator ontpn, and fire seeond differenfia, outpu. to fine 
seeond i».egra,or ontpn, and a seeond pair of switches for electrically conpling the ft* 
differentia, ontpnt .o fire second integrator ontpn. and fine second differentia. ontp„. .o fine fir, 
integrator output. 

18 The sensing eirenit of claim 17 wherein the fir, pairs of switches of me 
fir, arrd second switching circuits are activated for the fir, ha,f of fire period a. which the 
integrator cireni, switch* fine coupling, and me seeond pahs of swi.ches of fire first and seeond 
switching circuits are activated for me seeond half of the period. 

,9 The sensing circuit of Cain, 13 wherein the fir, integrator circuit further 
comprising a feedback ,age electricafiy coupled .0 fine firs, and second integrator ou«pu«s of fire 
firs, integrator and fine amplifier circuit, fine feedback ,age adjusting ompu, current of the 
amptifier circuit based on fine relative vohage .evels of fine ft, and second in.egra.or cutouts of 
the first integrator circuit. 



20. A memory device, comprising: 
an address bus; 
a control bus; 
a data bus; 

an address decoder coupled to the address bus; 



; ) 
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a control circuit coupled to the control bus; 

an MRAM array coupled to the address decoder and control circuit, the MRAM 

ZL and — , each memory ce„ in a respective row being coupled to a corre.0 ^ 
w „rd .ine and each memory ceU in respective cohunn being coup.eo ,o a correapondtng « hue, 

a read/write circuit coupled ,o the data bus and the MRAM array, the read/write 
circuit inc.ud.ng sensing circuits coupled to the bit lines, each sensing circuit compnsmg; 

an integrator circuit having a firs, integrator input e.ectncafiy coup.ed to a 
Terence .eve!, a second integer input coupler, to a respective bi, .ine, and first and second 
°»»- - which firs, and second output signals are provtded, respective,, tire 

J, dre tntegrator circuit periodrcafiy switching the electrical couphng of each tf* 

differential output nodes to a respective integrator output; 

a comparator having first and second input nodes Cectricatiy coupled to a 

respective integrator output and finther having an output node, tire Cocked comparator 

ZLf — — «- » f * e fot md — tapul nodes md e ™ 

output signal having a logic state baser, thereftom; and 

a current source having first and second current output nodes coupled 

^ective integrator oulpu,, Ihe current source switching tire coupling of each enrren, output 
nl.oaintegratorou^haaetionthe.ogicsta.eofmeon^utsignalofti.ecomparator. 

2, The memory device of Cairn 20 wherein me period a. which tire integrator 
M m fire sensing oireui, switches the coupiing of the differentia, urpu, and ou*u. nodes* 
greater than me period at which the comparator compares the voltage levels of the fir, and 
second input nodes. 



I > 
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a The memory device of claim 20 wherein ft. comparator of the sensing 

to the first and second input terminals; and 

a ni„flop CechicaUy eonp.ed to the commentary data nodes for prov,d,n g an 

output signal indicative of the latched data states. 

23 The memory device of Cairn 22 wherein the clocked latch of the sensing 

Ilthecomparator compares vol.ge ,eve,s, and the Cocke, .atch is se. .o a reference voltage 
level for a second half of the period. 

24. The memory device of Cairn 20 wherein the integrator circuit of Ore 

^^'rr— c^vmga^of— fore— ycouphng*. 
first integrator input to Ore firs, differentia, input and fire second integer input to the seen 

a secund switching circuit having a firs, pair of swnches for CeCrtcaUy couphng 
integrator output. 

25 The memory device of Cairn 24 wherein me firs, pairs of switches of the 



25 



integrator circuit switches the coupling, and the second pairs of switches of the first and second 
switching circuits are activated for the second half of the period. 

26 The memory device of claim 20 wherein the sensing circuit further 
comprises a feedback stage electrically coupled to the first and second integrator outputs and the 
amplifier circuit, the feedback stage adjusting output current of the amplifier circuit based on the 
relative voltage levels of the first and second integrator outputs. 

27 The memory device of claim 20 wherein the integrator circuit is a first 
integrator circuit, and the sensing circuit further comprises a second integrator circuit having a 
pair of integrator input nodes and a pair of integrator output nodes, the second integrator crrcurt 
electrically interposed between the first and second integrator outputs of the first mtegrator 
circuit and the comparator, each integrator input node of the pair electncally coupled 
respective mtegrator output of the first integrator circuit and each integrator output node of the 
pair electrically coupled to a respective input node of the comparator. 

28. A computer system, comprising: 
a data input device; 
a data output device; 

a processor coupled to the data input and output devices; and 

a memory device coupled to the processor, the memory device comprising, 

an address bus; 

a control bus; 

a data bus; 

an address decoder coupled to the address bus; 
a control circuit coupled to the control bus; 

an MRAM array coupled to the address decoder and control circuit, the 
MRAM array having a plurality of word lines, a plurality of bit lines, a plurality of memory cells 



; ) 
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arranged in rows and co.umns, each memory cel. in a respective row being coupled «o a 
responding word line and each memory cel. in respective cofumn being coupleu to 

corresponding bit line; and; 

a read/write circuit coupfed to the data bos and the MRAM army, the 

read/wrrte circuit inc.uding sensing circuits coupler, to the bit lines, each sensing circut, 

COmPriSi " g; an integrator circuit having a firs, in.egm.or input eleOricaUy 

conp.cn to a reference .eve., a second in.egm.or inpu. coupled ,o a respective hi, Hue, and firs, 
and second in.egra.or outputs a. which firs, and second ou,pu, signals are provide, respecuvdy 
fire ln.egm.or circui, further having an amp.ifier circui. having pairs of different., tnpu, - 
„ ut pu. nodes, fire in.egra.or circui. periodica,* switching tire efechica, coupling of each of* 
differentia, inpu, nodes ,o a respective integrator input and fire efeCrica, couphng of each of .he 
differential output nodes to a respective integrator output; 

a comparator having first and second input nodes etectncally 
coupied to a respective integrator output and further having an output node, fire Cocked 
orator periodicaify comparing voftage .eve, of fire firs, and second mpu. nodes and 
generating an output signal having a logic state baaed .herefrom; and 

a current source having firs, and second current ou„u< nodes 
coupled to a respective in.egra.or ou.pu, fire curren. source swrtching the coupling of each 
current output node to a in.egra.or ou.pu, based on the logic s.a.e of fite ou«pu, srgna, of 
comparator. 

29 The computer system of claim 28 wherein fire period a, which the 
integrator circui, in fit. sensing circui, switches dre couphng of - differentia, input -d «** 
nodes is neater titan tire period a, which tire compandor compares the vohage fevels of tire firs, 
and second input nodes. 
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30. The computer system of claim 28 wherein the comparator of the sensing 

circuit comprises: . 

a Cocked .a.ch having a pair of comp.emen.ary data nodes, firs, and second ,npu, 

termtaal s conp.ed ,o a respective integrator ontpu, me docked ,a,ch ,a,ching data states apphed 
to the first and second input terminals; and 

a flip-flop electrically coupled to the complementary data nodes for proving an 

output signal indicative of the latched data states. 

*• „io;™ ™ wherein the clocked latch of the sensing 
31 The computer system of claim 30 wherein ine ciu^ 

circni, .atones the data states a. Us first and second inpn, — for a firs, ha,f of tite period a, 

level for a second half of the period. 

32. The computer system of claim 28 wherein the integrator circnit of the 

sensing circuit comprises: r 

a firs. swi«ching circni. having a firs, pair of switches for electncaUy conphng fit 
fat integrator inpn. to fire first differentia, inpn, and the second integrator inpn, ,o <he second 

a second swi,chi„g circui, having a firs, pair of swnches for elecmcafiy conphng 
to firs, differenfia! oo,pu, ,o me firs, integer -p- and me second differenfia. on,pn, ,o fite 
^nd in,egra,or on,pn, and a second pair of swfiches for electricafiy conphng * , « 
differentia, oo,pu, ,o ,he second in,egra,or o»«pn, and me second different, ou,po, ,o me firs, 
integrator output. 

33 The compmer syslem of claim 32 wherein me firs, pairs of swilches of me 
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r ™1 the second pairs of switches of the first and second 
integrator circnit switches the couphng, and the second p 
^chingcircni^e activated forthesecondhaifofdre period. 

M The cotnpoter sys.cn, of Cain, 28 wherein the sensing circuit thriher 

i .,.„*« first and second integrator outputs and the 
comprises a feedback stage CectricaUy coupied to the «-d ^ ^ 

antphfier circuit, the feedback stage adjusting output current of the antp 
rel a,,ve voitage .eveis of the ft* and second integrator outputs. 

f ,\»\ m 28 wherein the integrator circuit of the 
35 The computer system of claim 28 wherein * 

5enstag ctrcuit is a ft. ,e.a,or ctrcuit, and ^^J^Z^ 

coupling input and output ternunals of an tntegrator a 
configuration f„, a firs, portion of a firs, time period; ^ ^ 

„ »^...i-*'->---""*" 6 *«**" , T 1 "'* 
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the first time period are equal. 

,o The method of claim 36, further comprising: 

v • fWnolaritv to a first of the output terminals of 

a multiple of the first time period. 

4I A^odofsensingadaus.a.eofan.emoryoen.con.pnsing: 

integrator circuit from a tirst conn B 

■ ™ o«neratme an output signal having a vonagc 
based on the companson, generating an 

representative of avalue; and 

averegingfltevatueoftheou^utsignauveraumepenod. 

42 * method of claim «. finto comprising amplifying the output signals 
provided by die integrator signal prior to the periodic companson. 
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43 The method of claim 41, father comprising: 

priding a firs, current having a firs, potarity to a fir, of the output terminal o 

oolarity to a second of the output terminals of the integrator circu* and 

^ switching the provision of the fir, and second cunenta to the firs, and second 

out p„« .emunals of the in,egra,or circuit based on me value of me ou<pu, signal. 

44. The method of claim 41 wherein fire switching occurs at a period greater 
than at which the comparing occurs. 

45. The method of claim 44 wherein the period of the switching is a multiple 
of that at which the comparing occurs. 



